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bstract
Microelectronic device integration has progressed to the point where complete ‘systems-on-a-chip’ have been realized. The
evelopment of Complementary Metal-Oxide-Semiconductor (CMOS) technology during the 20th century has permitted the mass-
anufacture of high-performance electronic devices on silicon at low cost. However, electronic integration on silicon has encountered
ome limits mainly due to the heat generated by the high-speed of data transmission required in modern communications. This
s the main reason why CMOS-microelectronics giants such as IBM or Intel have included optical interconnects within their
hip manufacturing roadmaps in order to ensure the performance of the Moore’s law in the next decades. To this end, several
asic building blocks with high performance must be developed fully in silicon and employing CMOS processes. Most of these
uilding blocks (waveguides, filters, photodetectors) have been already developed, as mentioned before, within the field of silicon
hotonics. However, the issue of efficient generation of light in such photonic circuits remains unsolved. The possible induction
f light emission from Si, an indirect bandgap material in which radiative transitions are unlikely, raises several interesting and
echnologically important possibilities, especially the fabrication of a truly integrated optoelectronic microchip. As a consequence,
n electrically-pumped laser working at optical communications wavelengths and at room-temperature fully built using silicon is
erhaps the most pursued challenge within photonics [1].
Bulk crystalline silicon has an indirect energy bandgap so emission of light requires the participation of phonons
ith the right momentum in order to satisfy the momentum conservation. The low probability of the phonon-mediated
adiative recombination process makes silicon a highly inefficient light source. In fact, it has been claimed that negative
bsorption and thus laser operation in indirect bandgap semiconductors is not possible because the small optical gain,
hich could be achieved in principle via band–band transitions mediated by phonons- will always be overcompensated
y free carrier absorption, regardless of the excitation conditions [2]. This statement, together with the fact that no
ilicon lasing at room temperature has been reported, explains why typically III-V semiconductors having a direct band
ap has been used to implement lasers in the near –infrared regime (such as the important optical communications
and at wavelength about 1550 nm).
However, some recent works have shown the possibility of achieving optical gain in indirect bandgap semiconductors
t room temperature, in contrast to the common belief that light emission in such materials was not possible. For instance,
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In addition, it is shown that indirect optical transitions can provide negative absorption, i.e., optical gain without an
electronic population inversion, but with the assistance of proper phonons.
These theoretical arguments are also supported in [4] where a more exhaustive theoretical model is reported. In fact,
an analytical expression for optical gain via phonon-assisted optical transitions in bulk indirect bandgap semiconductors
is presented. In this work, it is shown that co-stimulated emissions of photons and phonons will occur when the threshold
condition for laser oscillation is satisfied. The magnitude of optical gain in bulk crystalline silicon is calculated and
shown to be smaller than the free carrier absorption at room temperature. However, it is shown, for the first time, that
the optical gain is greater than the free carrier absorption in bulk crystalline silicon at the temperature below 23 K.
These results are in contrast to previously published work and suggest that the question as to whether laser operation
based on band–band transitions in bulk crystalline silicon is possible or not, in principle, needs to be readdressed.
In this work, we go a step further in the study of light emission from indirect bandgap semiconductors such as
silicon by the assistance of phonons. By starting from previous works [3,4]. Natural considerations that constrain Si
from emitting light efficiently are examined, as are several engineered solutions to this limitation. These include using
cavity, doped and phonon source for stimulating emission of photons. The main problem in the process of emission
based in silicon, is the need for a phonon (of the right energy and momentum), in the simplest case, to produce the
transition from the conduction to the valence band.
The theoretical understanding of this interaction, an adequate model to explain the process and the need to take an
adequate source of phonons to stimulate such electronic transition between bands is something that turns out to be
essential.
Currently, the use of photonic and phononics crystals to encourage interaction of the radiation field, vibration lattice
and electrons to make emission possible in silicon, has a great interest. In particular the fabrication of cavities in
phoxonic crystals (crystals with acoustic and electromagnetic bandgap) to take advantage of the Purcell effect and
confinement of phonons to achieve light emission in silicon.
In this work we treat three fundamental aspects for achieving gain of light in silicon, from the theoretical point of
view:
• Theoretical demonstration of the obtention of optical gain by the Purcell Effect [9].
• Theoretical model for a Jaynes-Cumming kind of cavity in a silicon phoxonic crystal [7,8].
• Obtaining theoretical Einstein’s coefficients for indirect gap semiconductors, and demonstration that the spontaneous
emission of phonons does not exist [5,6].
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